This paper focuses on the questions to what extent agglomeration effects and localized inter-organizational linkages influence different types of innovative performance of firms. Doing so adds to the relatively scarce firm-level literature regarding the role of regional environment for the innovative performance of firms by disentangling the often conflated effects of agglomeration effects and localized interorganizational linkages. Based on data from the Dutch automation services, we show that agglomeration economies and localized inter-organizational linkages have different effects on different types of innovative performance of firms.
effects and localized inter-organizational linkages for the innovativeness of firms. Thereby, these concepts incorporate two theoretical mechanisms based on geographical proximity that explain the innovativeness of firms (Gordon and Mccann 2000) .
Empirical evidence for the regional concentration of innovative activities is widespread and has developed into a line of reasoning that the regional environment is crucial for a firm's innovative performance (Beugelsdijk 2007) . However, the majority of this empirical evidence is not built upon micro-level studies but is largely deduced from the macro-level phenomenon of regional clustering of innovative activities (Beugelsdijk 2007; Lever 1972; Phelps 1992) . As a result of taking the region, rather than the firm, as the level of analysis, actual localized inter-organizational linkages are often not observed. Instead, it is assumed that when firms co-locate in large numbers, localized inter-organizational linkages are present (Beugelsdijk 2007; Dicken and Malmberg 2001) . However, previous empirical research has shown that this assumption does not necessarily hold and that agglomerations and localized inter-organizational linkages are, at the firm-level, only weakly related (Arndt and Sternberg 2000; Mota and De Castro 2004; Sohn 2004) . As a result, the possibility that firms with localized inter-organizational linkages that are not located in dense concentrations of firms might be just as innovative as their spatially concentrated counterparts, or that agglomeration effects without any localized inter-organizational linkage account for the enhanced innovativeness of firms cannot be excluded (Appold 1995) . In other words, research has entangled the effects resulting from agglomerations and localized inter-organizational linkages (Knoben and Oerlemans 2006) , and is therefore unable to attribute the enhanced innovativeness of firms in spatial concentrations to either of these roles of geographical proximity.
As a response to this critique, several firm-level studies have been conducted over the last decades, even though such studies remain relatively scarce (Beugelsdijk 2007 ). Among the noteworthy exceptions are Baptista and Swann (1998) , Sternberg and Arndt (2001) , Fritsch (2004) , Fritsch and Franke (2004) , Mariani (2004) , and Hendry and Brown (2006) . 1 However, the majority of these studies does not include separate measures of agglomeration effects and localized inter-organizational linkages and are therefore unable to disentangle both effects of geographical proximity. An exception is the research by Fritsch (2004) , and Sternberg and Arndt (2001) who do disentangle both roles of spatial proximity and find that especially combinations of local and non-local inter-organizational linkages, rather than agglomeration effects, are conducive to the innovative performance of firms. Despite this valuable exception, there still is a need for more firm-level insights with regard to the specific role of combinations of agglomeration effects and localized inter-organizational linkages for the innovative performance of firms (Beugelsdijk 2007; Boschma and Weterings 2005; Mariani 2004 ).
The research presented in this paper focuses on the question to what extent agglomeration effects and localized inter-organizational linkages influence the innovative performance of firms. To answer this question, firm-level data gathered in the Dutch automation service sector are utilized. By answering this question, this research adds to the relatively scarce firm-level literature by disentangling two theoretical mechanisms that have, so far, often been entangled. Thereby, more detailed insights will be generated with regard to how geographical proximity influences the innovativeness of firms. Moreover, in many European countries, large parts of regional economic policy are aimed at stimulating firm innovativeness by facilitating firm co-location, local inter-organizational contacts, or both (Gustavsen et al. 2007) . In this regard, this research will provide firm level insights into whether such policy is likely to have an impact on firm innovativeness at all. If so, it will also yield insights into which kind of innovativeness is most likely to be stimulated by different forms of regional policy (i.e. stimulating co-location of firms, stimulating inter-organizational collaboration, or combinations thereof). This paper will start with a brief discussion on the impact of agglomerations and localized inter-organizational linkages on firm innovativeness (Sect. 2). Subsequently, the operationalization of the concepts used in this theoretical discussion will be presented together with information with regard to the data collection procedure (Sect. 3). In Sect. 4, the data-analysis and the obtained results will be discussed. Finally, the implications of these findings will be presented (Sect. 5).
Geographical proximity and firm innovativeness
As has been argued in the above, two mechanisms through which geographical proximity between firms influences firm innovativeness can be identified in the literature (Gordon and Mccann 2000; Moulaert and Sekia 2003) . The first mechanism, agglomeration effects is based on geographical proximity between groups of firms without the necessity of any localized inter-organizational interaction (Gordon and Mccann 2000) . The second mechanism refers to geographical proximity between two or more interacting organizations and requires the active exchange of resources (e.g. knowledge) or even collaborative innovative activities (Knoben and Oerlemans 2006) . In short, the first mechanism refers to being in a spatial concentration of economic activities, whereas the second mechanism refers to interacting with other local organizations. Both mechanisms through which geographical proximity can influence firm innovativeness will be discussed here. The aim of discussing these mechanisms separately is not to show that both are not related and will not simultaneously (in the same region). Rather, the objective is to show that there are two mechanisms which might operate simultaneously and that, in order to correctly assess how geographical proximity influences firm innovativeness, both need to be (empirically) disentangled.
Agglomeration effects
Agglomeration effects are basically spatial economies of scale. These economies of scale exist only over limited spatial distances because of transaction costs of overcoming geographical distance, such as transport and communication costs (Baranes and Tropeano 2003) . Therefore, there is a spatial limit over which firms can benefit from these particular economies of scale which induces firms and labor to concentrate in certain regions (Gordon and Mccann 2000) . In short, spatial concentration of economic activities leads to advantages for firms that can only be obtained by being part of that spatial concentration.
Even though agglomeration economies can be grouped in different ways, the contemporary literature usually distinguishes between localization economies (Marshall-Arrow-Romer externalities) and urbanization economies (Jacobs-externalities) (Feldman 1999) . Whereas localization economies are benefits of intra-industry concentration, urbanization economies are benefits of inter-industry concentration. Localization economies refer to the effects that are produced by having many firms from the same industry in a single area, such as a common pool of highly skilled labor, whereas urbanization economies refer to the effects of having firms from different industries in the area, such as reductions in transport costs.
Besides these tangible spatial externalities, more intangible benefits may arise from the spatial concentration of firms as well. These are caused by the fact that knowledge is partially non-rival and not completely appropriable (Breschi and Lissoni 2001) . As a result, unintended knowledge diffusions between firms within a region are larger than those among geographically dispersed establishments (Jaffe et al. 1993) . Knowledge diffusion can happen in numerous ways, which include patent citations, the mobility of skilled labor, and reverse engineering of traded goods (Feldman 1999) . Through these processes, (tacit) knowledge can become implanted in geographical regions enabling firms within those regions to draw from this knowledge (Appold 1995) . This way, firms can get access to the knowledge that is available in their geographical environment for free, which can enhance their innovativeness (Oerlemans et al. 2001) . Such knowledge spillovers are generally found to be driven by high levels of R&D and knowledge creation within a region.
Besides the positive effects of agglomeration economies described in the above, the literature also emphasizes several downsides of being located in an agglomeration, mostly related to competition effects. When establishments agglomerate in space, there will be competition for land, which drives up land costs and creates a centrifugal force in the region (Flyer and Shaver 2003) . Furthermore, establishments will have to compete for qualified labor and other inputs. On the output side, spatial competition is likely to be an important force as well. If a market in a certain region is saturated, it will be more difficult for new establishments to get a foothold in that region (Sohn 2004) . Moreover, there might be a negative self-selection effect of firms in agglomerations. Alcacer (2006) concludes in an empirical study that more capable firms are more likely to stop rivals from entering their market area and can more effectively force weaker firms out. As a result, the stronger firms end up being located in relative isolation, whereas the weaker firms end up in agglomerations since they lack to strength to drive competitors out of their market area and to deter new entrants from locating near them.
Localized inter-organizational linkages
The main difference between the effects of localized inter-organizational linkages and the effects of agglomerations described in the above is that whereas agglomeration effects do not require actual interaction between firms but largely accrue in an atomistic way (Gordon and Mccann 2000) , localized inter-organizational linkages refer to actual interaction with other firms and organizations.
In this paper, two types of localized inter-organizational linkages are distinguished, namely, localized external linkages and localized inter-organizational relations (IORs). The main difference is that external linkages refer to all interactions between a firm and other organizations with knowledge acquisition for its innovative activities as its primary goal. These interactions need not be repetitive and two-way traffic is not necessary. In contrast, inter-organizational relations are long-term collaborations between actors in which activities are jointly carried out. In these relations two-way traffic and mutual adjustment, and intensive communication is a given. Examples include the co-development of products, joint R&D, joint-ventures, and so on.
Both types of linkages are important for firm innovativeness since they allow firms to get access to resources that would not be available (or only at higher costs) through the market. The importance of inter-organizational linkages for firm performance has been substantiated empirically for different measures of firm performance, for example, firm survival (Mitchell and Singh 1996) , profit rates (Hagedoorn and Schakenraad 1994) , innovation rates (Pittaway et al. 2004) , and firm growth (Stuart 2000) . In general, firms that have more inter-organizational linkages can access the necessary resources more easily and therefore experience an increased performance (Ahuja 2000; Love and Roper 2001) .
The linkages described in the above are in essence a-spatial. The importance of geographical proximity in inter-organizational linkages lies in the fact that localization facilitates face-to-face interactions (both planned and serendipitous) which is argued to foster the exchange of tacit knowledge and resources (Kogut and Zander 1992; Torre and Rallet 2005) . Tacit knowledge, in turn, is often argued to be one of the main drivers of the innovativeness of firms because only tacit knowledge, as opposed to codified knowledge, is argued to contain truly new insights (Howells 2002) . The larger the distance between actors, the more difficult it is to transfer tacit forms of knowledge and, therefore, the more difficult it is to transfer resources that are conducive to the innovativeness of a firm. Based on this line of reasoning, firms with more localized inter-organizational linkages would experience higher levels of innovative performance.
Similar to agglomeration economies, however, there are also downsides to maintaining localized inter-organizational linkages. For example, some authors argue that there is no reason to assume that nearby firms will be the most suitable partners (Rosenkopf and Almeida 2003) , and that well-run firms actually benefit from being freed from nearby partners (Appold 1995) . Moreover, by focusing on localized linkages, firms can become (geographically) locked-in resulting in unresponsiveness to developments outside their region (Alberti 2006; Boschma 2005; Narula 2002) . In this perspective, it seems plausible that firms with combinations of local and non-local inter-organizational linkages experience the highest levels of innovative performance (Arndt and Sternberg 2000; Sternberg and Arndt 2001 ).
The entanglement of two theoretical mechanisms
Based on the above, it could be argued that the innovativeness of firms can both benefit from and be hampered by agglomeration effects as well as by localized interorganizational linkages. However, since both mechanisms are based on geographical proximity between firms, they are likely to operate simultaneously and are nearly impossible to disentangle when observed at the level of the region. As a result, empirical studies with regard to the impact of geographical proximity on the innovativeness of firms at the level of the region have often compressed both mechanisms into a single argument and measurement. Therefore, the effects of spatial concentrations of firms on the innovativeness of these firms cannot be convincingly attributed to either one of both mechanisms, nor can it be excluded that one of these mechanisms fully accounts for the found effects. Finally, it could even be the case that one of the mechanisms negatively impacts on the innovativeness of firms for reasons discussed in the above. In order to assess whether firms benefit or suffer from agglomeration effects and/or localized inter-organizational linkages data at the level of the establishment will have to be analyzed. An important factor for successfully performing such an analysis is to minimize the level of firm-specific heterogeneity (Beugelsdijk 2007) , in the next section(s) this issue will specifically be addressed.
Empirical application
In order to explore the effects of both agglomeration economies and localized interorganizational linkages on the innovativeness of firms, reliable indicators of all three concepts have to be used. The operationalization of these concepts will be discussed subsequently.
Firm innovativeness
Commonly used indicators of a firm's innovativeness are R&D expenditures and patents. Both indicators have several deficiencies however. A drawback of using R&D expenditures is that they reflect an input of the innovative process, rather than an output. Some firms might be able to use their R&D budget more efficiently and reach the same level of innovative output with fewer inputs. Moreover, as a measure of innovativeness, R&D surveys tend to undercount R&D in small firms and service firms (Kleinknecht 1991) . Both arguments make the use of R&D expenditures as an indicator of innovativeness problematic.
With regard to the use of patents as an indicator of innovative firm performance, it should be noted that many innovations are not patented, while the willingness to patent varies across sectors and firm size classes. Again, small firms and service firms are less likely to patent as compared to other firms (Arundel and Kabla 1998; Kleinknecht 1996) , which poses difficulties when using this indicator.
A more valid measurement of innovativeness in the context of this research is the presence of innovative sales. A clear advantage of this measurement of innovative outcomes is that it captures the confrontation of the (product) innovation with the demands of the market and thus is more close to the general accepted definition of innovation that includes the market introduction of the innovation (Hagedoorn and Cloodt 2003) .
A second dimension of innovativeness taken into account in this paper is the level of newness of the innovation. This distinction is important since research has shown that different types of innovativeness are influenced by different types of resources (e.g. Oerlemans et al. 1998) . In this paper newness of innovation is defined by three categories, namely, products that are improved versions of products that were already produced by the firm, products that are new to the firm, and products that are new to the firm's market as a whole.
In order to accommodate the demands posed to a reliable measurement of innovativeness for small firms and service firms, the self-reported innovation measures developed for the community innovation survey (CIS) have been used. Firms are asked whether they introduced new or improved products, services or processes during the two previous years for each of the categories of newness presented in the above. Research has shown that these subjective indicators are just as valid as measures of innovative performance as the more objective indicators mentioned in the above (Hagedoorn and Cloodt 2003) .
Agglomeration economies
In order to disentangle the effects of economies of localization, urbanization, and knowledge spillovers, data on all three concepts has been obtained. Economies of urbanization are measured as the number of inhabitants per square kilometer in a region, whereas economies of localization are measured as the percentage of firms in a region that is active in the same economic sector. These data are obtained from the Dutch Central Bureau of Statistics (CBS).
The R&D intensity of the region and the average level of education in the region have been used as indicators for the amount of available knowledge spillovers within a region. Regarding the former indicator, the CBS only publishes data on the level of the province; therefore, an alternative database has been used (data adopted from Figs. 4.18 and 4.19 from Van Oort 2002) . This database contains information with regard to the average amount of R&D expenditures per employee in a region. Regarding the latter indicator, CBS data regarding the share of the population in a region with a university or polytechnic degree has been used.
For all these indicators of agglomeration economies, however, it seems possible that its benefits exceed to borders of the administrative region. As a result, spatial autocorrelation might lead to misspecifications of the models. Checks for spatial autocorrelation with SpaceStat revealed that for all regional variables, except for the regional average level of education, spatial autocorrelation occurred (based on Moran's I). To correct for this problem, spatially weighted versions of the regional variables that were spatially autocorrelated have been constructed. For each of these variables the value for the region in which a firm is located as well as the average of the value of the neighboring regions (the spatial lag) have been included in the analyses. 2 All regional variables mentioned in the above are constructed at the level of the NUTS-3-region as defined by the European Statistical Office (Eurostat). The Netherlands consists of 40 such regions. This geographical scope has been chosen because earlier research has shown that the NUTS-3-region is the most appropriate unit of analysis to measure spatial externalities in the Netherlands (Van Stel and Nieuwenhuijsen 2004) .
It should be noted that many more regional characteristics can be taken into account, such as regional GDP, presence of a (technical) university, accessibility, and so on. However, these regional indicators correlate problematically high with the indicators already used, which would lead to severe multicollinearity issues. Therefore, the analysis has been restricted to the four regional characteristics discussed in the above. 3
Localized inter-organizational linkages
As discussed earlier, two different types of inter-organizational linkages have been incorporated in this research, namely, linkages that constitute active knowledge intensive collaboration between organizations, named inter-organizational relationships (IORs), and more general linkages that firms utilize to gather the knowledge for their innovative activities, named external linkages.
With regard to the former type of inter-organizational linkage, data regarding the total number of IORs of a firm and whether the main IOR of the firm was located within 20 km have been gathered. Only specific information with regard to the main IOR of a firm has been gathered since a firm-level survey has insufficient space to question all IORs of a firm in detail. Moreover, the problem of non-response becomes exceedingly large when firms are asked about characteristics of more than one IOR. The approach of focusing on the main IOR of a firm has been adopted from the community innovation survey (CIS). Even though the total number of IORs of a firm is not an indicator of localized inter-organizational linkages, it is included to ensure that the variable that captures the localization of a firm's main IOR does not just capture the existence of IORs in general.
Regarding the latter type of inter-organizational linkage, data regarding the percentage of external linkages used by a firm in its innovative processes that is located within 20 km of the responding firm has been gathered. Given the indication in the literature that combinations of local and non-local external linkages yield the best innovative performance, a squared term of the latter indicator is included in the analyses as well. These data were obtained by asking firms to indicate the total amount of external linkages they had (distinguishing between buyers, suppliers, competitors, consultants, research institutes, universities, innovation centers, and sectoral institutes), as well as the amount of these sources that was located within a radius of 20 km from their establishment. From this information, the percentage of their external linkages that is localized could be calculated.
Firm characteristics
As has been noted earlier, in order to validly analyze the role of agglomeration effects and localized inter-organizational linkages for the innovative performance of firms, firm-specific heterogeneity needs to be controlled for. Two ways to do so have been implemented in this research. First, a single sector design has been employed, which will be discussed in more detail in the next subsection. Second, several firm level characteristics have been included as control variables.
Regarding the latter, the size and age of a firm are included in the analyses. Many scholars argue that older and larger firms have an advantage in innovation due to stronger cash flows, higher assets as collateral for loan, wider access to knowledge and human capital skills. However, others state that smaller and younger firms have an advantage due to the ability to faster recognize opportunities, flexibility, less rigid management structures, and more appropriate incentive structures (Acs and Audretsch 1988; Audretsch and Acs 1991; Hansen 1992) . In both cases, however, firm size and age should be controlled for. In a similar vein, a dummy variable that indicates if a firm is part of a larger organizational entity has been included because it is often argued that such firms have access to more resources, which effects their innovative performance (Tsai 2001) .
Moreover, to correct for firm level differences the strength of a firm's internal knowledge base is taken into account (Oerlemans and Meeus 2005; Sternberg and Arndt 2001) . The strength of the internal knowledge base of a firm is measured by the percentage of total turnover that is used for R&D activities and, because small firms are less likely to have any formal R&D, the percentage of highly educated personnel (polytechnic or university degree) in the firm.
An overview of all variables used in this research, their definitions, and some descriptive statistics can be found in Table 1 . How the data underlying these descriptive statistics has been collected will be discussed in the next section.
Data collection and non-response analysis
In order to collect information with regard to the concepts discussed in the above, a questionnaire was mailed to all firms in the automation services sector in the Netherlands with more than five full-time employees. A single-sector design was chosen since there are large sectoral differences in terms of spatial distribution, the propensity to form (localized) inter-organizational linkages, and appropriate measures of innovative performance (Gatignon et al. 2002) . Therefore, employing a multi-sectoral design would introduce large levels of heterogeneity that would subsequently need to be controlled for. Even though a single sector design poses severe limits on the generalizability of the obtained results, it is both more feasible and fruitful in this particular case.
The automation services sector was chosen because it is characterized by high levels of innovativeness, both in terms of inputs and outputs. Almost 3% of total value added is spent on innovative activities, as opposed to 1% (on average) for the other service sectors. Moreover, of all firms, 52% report to have successfully innovated over the past 2 years, as opposed to 23% (on average) for the other service sectors. The magnitude of inter-organizational relations is comparable to that in other service sectors (32% for the automation services vs. 34% on average). Firms in the automation services focus almost exclusively on the domestic market, which ensures that the focus of the questionnaire on Dutch firms only does not bias the results. Within the automation services sector, several different types of economic activities are carried out. The dominant activities are hardware consultancy, production and implementation of software and websites, automation of production processes, repair and maintenance of computers and other office appliances, network maintenance, and electronic security. The branch comprises about 17,500 firms (2.5% of all firms in the Netherlands) and it employs about 123,800 persons (1.5% of total employment). A list of all firms with five or more fulltime employees in this sector was obtained from the Dutch Chamber of Commerce (CoC). After purging the list for empty holdings, firms with several subsidiaries with the same address, and duplicates, 2553 firms remained. A questionnaire was sent to all of these firms by mail in January 2006. Unfortunately, due to the limitations of the database of the CoC, no reliable names of contact person were available. Therefore, the questionnaires were sent to the managing director of all firms.
Ultimately, 203 firms returned a useable questionnaire (a response rate of 8%). Even though this seems like a low response rate, comparable response rates were obtained in similar micro level studies (e.g. Oerlemans and Meeus 2005; Rooks et al. 2005) . Additionally, from several meta-analyses of response rates (e.g. Baruch 1999; Klassen and Jacobs 2001) it may be concluded that, besides the general downward trend in response rates caused by "saturation" of respondents and lack of time, several other explanations can be given for the relatively low response rates. Most importantly, Baruch (1999) finds that surveys mailed to individuals (and about individual characteristics) have a much higher response rate than surveys mailed to organizational representatives. Klassen and Jacobs (2001) find that SMEs, of which the sector sampled in this research is predominantly composed, generally respond less to surveys as compared to their larger counterparts. When taking all of these aspects into account the response rate of 8% is not unexceptional. Nevertheless, the fact that a large group of firms did not respond raises the question whether the data might suffer from a sample bias. Therefore, a non-response analysis has been performed. A randomly selected group of 179 non-respondents were approached by telephone and asked to give answers to several key questions in the questionnaire. These key questions included the size of the firm, the presence of interorganizational relations, and whether the firms performed any innovative activities. These questions were asked since they include an indication of firm performance (the dependent variable) as well as information with regard to the main independent variable. Moreover, firm size was included since it is a variable that is likely to influence response bias. Of these 179 firms, 130 were willing to cooperate (response rate of 73%). The data obtained from these non-respondents allows for a comparison of the respondents and the non-respondents and provide valuable information with regard to the representativeness of the data. For several other variables, the respondents could be compared to the whole population of firms in the automation services, since these variables could be extracted from the CoC database. A comparison between the respondents, non-respondents and the entire population can be found in Table 2 .
From Table 2 it can be derived that there are no significant differences between the respondents and the non-respondents with regard to the variables under scrutiny. Moreover, there are no significant differences between the respondents and the populations as a whole. Therefore, it can be concluded that there do not seem to be any structural differences between the respondents and the non-respondents and that there is no indication of sample bias in the data.
Data analysis and results
First, in order to assess whether agglomeration economies and the localization of interorganizational linkages always coincide, the different indicators of agglomeration economies are used as predictors of the different types of localized inter-organizational linkages. In these analyses, the firm level variables described earlier are used as control variables as well. An OLS-regression has been estimated to explain the share of localized external linkages. A Binary logistic regression has been estimated to explain whether or not a firm has a localized main IOR. The results of this analysis are presented in Table 3 .
From Table 3 , it becomes clear that agglomeration effects are far from perfect predictors of the localized inter-organizational linkage of firms. The level of localization of a region is of importance as is the level of localization and urbanization of the neighboring regions, but this only holds for the share of localized external linkages. For the presence of a localized main IOR, none of the agglomeration effects are of importance. Only having more IORs (positively) and being larger (negatively) are associated with this measure of localized inter-organizational linkage.
For both indicators of localized inter-organizational linkages it is found that the share of explained variance by agglomeration economies is low. As a result, it can be concluded that being located in a spatial concentration of firms is not a guarantee that firms will also maintain localized inter-organizational linkages. This finding is in line with earlier firm-level research (e.g. Sohn 2004) . It does, however, point at the importance of disentangling their effects at the level of the firm. If agglomeration economies and localized inter-organizational linkages do not necessarily coincide, then what is their relative influence on the innovativeness of firms? In order to provide an answer to this question, binary logistic regressions will be estimated to predict whether firms produced innovative products in three categories of newness. In each of these models the indicators of agglomeration effects, localized inter-organizational linkage, and the firm level control variables will be used as explanatory variables. 4 Before doing so, however, bivariate correlations and variance inflation factors (VIFs) have been calculated for all independent variables in order to check for multicollinearity problems (see Table 4 ). As can be derived from Table 4 , a relatively high bivariate correlation exists between the indicators for economies of urbanization and localization. However, the VIFs of both variables are still moderately low (i.e. well below the threshold level of 10), and including both variables in a model simultaneously will therefore not lead to multicollinearity problems. This does not hold, however, for the spatial lags of these variables, for which the VIFs do approach the critical value. To ensure that multicollinearity between these spatial lags does not lead to imprecise parameter estimates, all analyses have also been conducted excluding one of the spatial lags each time, in which case the VIF drops to 1.446 respectively 2.016 and multicollinearity is no longer a problem. The results are almost identical. Therefore, only the results including both variables have been included in this paper.
The same problem occurs in the case of the percentage of localized external linkages and its squared term (high bivariate correlation and VIFs). As discussed earlier, the When the spatial lag of localization effects variable is dropped. the VIF drops to 2.016 c When the squared term of this variable is dropped. the VIF drops to 1.053 squared term has been included to allow for a non-linear relationship between the percentage of localized external linkages and firm innovativeness and has therefore been kept in the analyses. Again, to ensure that this multicollinearity does not lead to imprecise parameter estimates, all analyses have also been conducted without the squared term, in which case the VIF drops to 1.053 and multicollinearity is no longer a problem. The results are highly similar. Therefore, only the results including both variables have been included in this paper. The results of the binary logistic regressions are reported in Table 5 . Three different models have been estimated, namely one for firm innovativeness at the three distinguished levels of newness of products. Model 1 reports the results regarding the production of improved versions of products that were already generated by the firm. Model 2 uses the production of products that are new to the firm as the dependent variable, whereas model 3 uses the production of products that are new to the markets as a whole as the dependent variable. On the scale of newness of innovations model 1 represents incremental forms of innovation, model 2 represents innovations of intermediate levels of newness, and model 3 represents radical innovations. In binary logistic models the probability of occurrence of an event is estimated, which in this particular case is the likelihood that a firm will have introduced an innovative product in the category of newness under scrutiny. The models are estimated with a maximum likelihood procedure.
Several interesting results can be derived from these analyses. The production of improved versions of products already produced by the firm (i.e. model 1) is positively influenced by the total number of IORs that a firm has. The fact that the localization of inter-organizational linkages does not play a role at all indicates that the resources that are required to improve existing products can easily be exchanged between firms over large geographical distances. Agglomeration effects influence the likelihood that firms will generate improved products as well. However, whereas localization effects have a positive effect on this incremental form of innovativeness, urbanization effects have a negative effect. A possible explanation is that being close to many similar firms (i.e. localization economies) allows for quick identification of the products and services of other firms, which in turn generates ideas for changes to and applications of products you are already producing. With regard to the negative effect of urbanization economies it can be concluded that the downsides of being in a highly urbanized area (congestion, land prices, and so on) dominate the benefits of these locations. Finally, the effects of agglomeration economies for this type of innovation are regionally bounded as none of the spatial lags of the regional variables has a significant influence.
Regarding the generation of products that are new to the firm (model 2), high levels of urbanization economies are detrimental. This indicates that for the generation of these innovations simply being in an urban region is not sufficient, and can even be harmful instead. However, actively interacting with and obtaining knowledge from other local organizations does influence the generation of products that are new to the firm. The relationship between these variables follows an inverted U-shape. For clarity, the isolated effect of the percentage of localized inter-organizational linkages on the propensity of a firm to generate products that are new to that firm is plotted in Fig. 1. Figure 1 indicates that moderate levels of localized external linkage (up to about 35%) are conducive to this type of innovative performance, whereas very high Sternberg and Arndt 2001) . Moreover, the fact that high levels of localized external linkage are detrimental to this type of innovative performance indicates that a high local focus can blind a firm to innovative opportunities that might be present outside of its region (Boschma 2005) . In short, for this type of innovative performance contacts between a firm and other organizations is necessary, simply being in an urbanized region is not only insufficient but even harmful.
Regarding the effect of firm-level variables on the generation of products that are new to the firm it can be concluded that larger firms and firms with higher levels of R&D intensity are more likely to generate such products, whereas firms that are part of a larger organizational entity are less likely to produce this type of innovations. Whereas the first two findings are not very surprising, the latter finding is somewhat unexpected. A possible explanation might be that units of larger organizational entities have less strategic freedom to develop and introduce new products as this function is dedicated to a specialized R&D facility.
The generation of products that are new to the markets as a whole (model 3) is rather strongly influenced by agglomeration effects. The findings regarding localization effects and urbanization effects are each other's mirror image. Whereas it is conducive to this type of innovation to be localized in a region with high levels of localization but detrimental to be located in a region with neighbors with high levels of localization, the opposite holds for the level of urbanization. This seems to reflect that the benefits of spatial concentrations of firms in general are not bounded by the region, whereas the disadvantages of such spatial concentrations are. As a result, it is beneficial to be located near a spatial concentration of firms but not to be located in it. Regarding spatial concentrations of firms from the same sector, the opposite holds. Being in such a concentration yields positive results, whereas being located near such a region is detrimental for a firm's radical innovative performance.
Regarding a firm's level of inter-organizational linkage it is found that having a localized main IOR has a weak positive influence on the generation of products that are new to the market, whereas having IORs in general does not. This indicates that the exchange of resources conducive to more radical forms of innovation is strongly influenced by geographical proximity. The fact that localization of a firm's main IOR has an influence on the generation of products new to the market, but the level of localization of external linkages in general does not, indicates that the development of such innovations requires relatively intense forms of active collaboration between organizations. Furthermore, firm size and high levels of R&D intensity are positively associated with the generation of products that are new to the market as well.
Discussion
The research presented in this paper set out to add firm-level insights with regard to the role of geographical proximity for the innovativeness of firms by disentangling two forms of geographical proximity and by taking into account several types of innovative performance. In line with earlier research, it is found that agglomerations and localized inter-organizational linkages do not always coincide. This finding puts further emphasis on disentangling the effects of both types of geographical proximity on firm innovativeness.
By disentangling the effects of both forms of geographical proximity, it is shown that both have different effects on different types of innovative performance. Urbanization economies have a negative effect on the innovative performance of firms, whereas localization economies generally have a positive effect. These findings indicate that being located in an agglomeration of firms is not necessarily beneficial for the innovative performance of a firm, but that the effects depend on the composition of firms in the agglomeration. Agglomerations of firms that operate in the same sector are likely to increase the innovativeness of firms, possibly due to intensified local imitation. In addition to these effects, in the case of products that are new to the market, the effects of the spatial lags of the agglomeration variables work in the opposite direction. This implies that being close to a concentration of firms has the opposite effect on firm innovativeness as being inside the concentration of firms. Combining both findings leads to the conclusion that the location that is most conducive to a firm's innovative performance is in a region with a high concentration of firms from the same sector neighboring a region with a high concentration of firms in general.
Regarding localized inter-organizational linkages, indications are found that especially combinations of local and non-local inter-organizational linkages are conducive to innovation. However, the findings also show that this conclusion only holds for a specific type of innovation, namely the generation of products new to the firm, indicating that it is fruitful to distinguish between different types of innovative performance when analyzing the effects of geographical proximity on the innovative performance of firms. This conclusions is further substantiated by the fact that, whereas IORs in general (i.e. localized or not) are conducive to the generation of improved versions of existing products, only localized IORs are conducive to the generation of products that are new to the market.
On the whole it can be concluded that the fact that geographical concentration and localized external linkages are weakly linked at the firm level emphasizes the importance of disentangling the two mechanisms through which geographical proximity influences innovative firm performance. Furthermore, the fact that both spatial mechanisms produce very different effect for different types of innovativeness implies that the findings of studies that do not disentangle both spatial mechanisms might incorrectly attribute effects to either of these forms of geographical proximity.
The findings also provide interesting insights for (local) policy-makers that try to stimulate the innovativeness of firms in their region. The findings show that simply bringing firms together, for example by building science parks, is unlikely to effectively stimulate the innovativeness of firms and might even hamper it. Moreover, stimulating local inter-organizational interacting might be a successful way to stimulate the innovativeness of firms, but only up to a certain point. Too high levels of local interaction leads to regional-inertia and might hamper the innovativeness of firms. Furthermore, the findings indicate that different types of innovation are affected by different variables. Policy aimed at increasing radical innovativeness is likely to be more successful if it aims at bringing about long-term intensive collaborations between geographically proximity organizations, whereas incremental types of innovativeness are already influenced by bringing firms that conduct similar economic activities together. Finally, the findings also point at the importance of in-house R&D, especially for more radical types of firm innovativeness. In this regard, simply stimulating private R&D might be an easy way to increase firm innovativeness.
Even though the study presented in the above provides additions to the relatively scare firm-level literature on the effects of geographical proximity on firm innovativeness, it suffers from several drawbacks as well. First, the actual utilization of agglomeration effects as well as the actual transmission of resources through localized inter-organizational linkages is not observed. In order to provide a more detailed analysis of why and how spatial characteristics and inter-organizational linkages influence certain types of innovativeness, these flows have to be directly measured.
Second, the focus on a single sector limits the generalizability of the results. The relatively modest effects of regional differences on firm innovativeness might be peculiar to the automation services industry as firms in this industry are often intensive ICTusers. The products that they work on are often easily made digital and can therefore easily be exchanged over long distances, which reduced the importance of geographical proximity (Knoben and Oerlemans 2008) . Analyzing data from sectors that do not have such characteristics (i.e. most manufacturing sectors for instance) is likely to yield different results. In order to obtain higher levels of generalizability, therefore, multi-sectoral data will have to be utilized.
Finally, as is often the case in micro-level models, the explanatory power of the models is relatively modest. Even though increasing the explanatory power is hard due to high levels of firm-level heterogeneity (Beugelsdijk 2007) , doing so would be highly valuable. Noticeably, it would greatly reduce the risk of omitted variable bias, which occurs when a variable that is not included in the model is both a determinants of the dependent variable and correlates with one or more of the independent variables that is included in the model. If this is the case, model coefficients will be biased and the model will be wrongfully specified. Future research should therefore be extended to include a broader scope of firm level characteristics (also see, Mariani 2004 ).
